INTRODUCTION
There have been several attempts to relate allozyme heterozygosity with quantitative characters and ecological factors in various organisms (Mitton, 1983; Mitton and Grant, 1984; and references therein) . These studies have provided a better understanding of the association between levels of heterozygosity and growth rate. However, experimental data on the strength of the relationship between allozyme heterozygosity and growth rate in relation to stressed environments under controlled conditions are largely unavailable (Mitton, op. cit). Most tree (plant) breeding programs are aimed at screening genotypes for maximum biomass production (yield) over a broad range of environments. The relative sensitivity of genotypes across environments is measured in terms of genotype-environment interaction (Allard and Bradshaw, 1964; Zobel and Talbert, 1984) .
Allozyme phenotypes are under relatively less environmental control than phenotypes of quantitative traits (Ayala, 1976) . Therefore, if a positive, significant correlation between allozyme heterozygosity and biomass production exists consistently over many different environmental conditions, then allozyme heterozygosity could provide an efficient means of screening genotypes for biomass production. In this paper, we examine the association between allozyme heterozygosity and biomass production in jack pine (Pinus banksiana Lamb.) seedlings grown on different soil substrates. MATERIALS 
AND METHODS
The seed used in this study consisted of 40 openpollinated families from a single stand in central Alberta. Fifty seeds from each of these families were germinated separately, on a thin layer of inert sand, in a mist chamber. The experiment was laid out in a randomised block design, with 40 treatments (families), four soil media (environments), and 10 replications. The media included sand (medium 1; pH=8.6), silt (medium 2; pH=6.8), 50:50 peat-vermiculite mixture (medium 3; pH= 4.5), and peat (medium 4; pH=38); placed in 25 x 25 x 5 cm seedling trays. In nature, jack pine typically grows on poor, dry, sandy and acidic soils to fertile loamy soils (Harlow and Harrar, 1969) . Therefore, the media employed in this study represent a wide range of soil conditions in terms of texture, structure and fertility, and thus appoximately represent the habitats of jack pine in the natural distribution of the species.
Ten, 10-day-old seedlings were selected at random from each family and were transplanted at the rate of one seedling per pot in each medium.
The seedlings were grown in a growth chamber for 120 days, under greenhouse conditions. At the end of the experiment, all ten seedlings from each of the families and treatments were harvested at the root collar level, and their fresh weights immediately determined. Mean biomass of each family grown in each environment was used to examine the relationship with allozyme heterozygosity of the respective family. Average heterozygosity per family was determined by horizontal starch-gel electrophoresis of tissue extracts from seven elongating radicles of week-old germinating seeds. The following 16 enzyme systems were analysed by the methods of Cheliak and Pitel (1984 AGP-1; ACO; AK, ADH, AAT-1,2,3; DIA-1, FLE, GDH, G2DH, G6PD, IDH, MDH-1,2,3, ME, PGI-1,2: PGM, and 6PGD-1,2; of which nine loci (ACP-1, AGO, ADH, AAT-3, DIA, GDH, MDH-3, PGI-2; 6PGD-2) were polymorphic, while the remainder (AK; AAT 1,2; FLE; G2DH; G6PD; IDH, MDH 1,2; ME; PGI-1; 6-PGD 1; PGM) were monomorphic. It was assumed that allozyme heterozygosity in elongating radicles represented the genetic variation of each family for the systems examined. The data on average heterozygosity per family in the germinating seeds were then correlated with the average biomass of that family in each environment. RESULTS 
AND DISCUSSION
Biomass production was lowest in medium 1 and highest in medium 4, and allozyme heterozygosity ranged from 9 to 36 per cent in the families examined (table 1). The physical, chemical, and biological properties of the substrates appear to be the major determinants of biomass productivity. The correlation coefficient between biomass and allozyme heterozygosity was significant only on the peat-vermiculite medium (table 1) . This relationship was positive, and curvilinear ( fig. 1) . Interestingly, the biomass production in medium 3 was slightly lower than it was in medium 4. The results, therefore, suggested that the relationship between allozyme heterozygosity and biomass production are inconsistent among environments.
Inconsistent relationships between allozyme heterozygosity and growth rate have been reported for many organisms including forest trees. For example, allozyme heterozygosity and diameter growth were found to be correlated in ponderosa pine (Pinusponderosa Laws; Knowles and Mitton, 1980) , and aspen (Populus tremuloides Michx; Mitton and Grant, 1980), but not in lodgepole pine (Pinus contorta Dougl; Knowles and Mitton, 1980) . Ledig et a!. (1983) reported no association between allozyme heterozygosity and growth rate in young pitch pine (P. rigida Mill.) stands, but did find a relationship in older stands. On the other hand, positive correlation between allozyme heterozygosity and size was found in the early larval stages, but not in the later stages, of the salamander Ambystoma tigrinum (Pierce and Mitton, 1982) . In addition, only two out of four populations showed a significant relationship between allozyme heterozygosity and size. Giles (1984) found no relationship between levels of allozyme variation and levels of variation in morphometric characters in wild barley (Hordeum murinum L.). Our approach, as discussed elsewhere, differed somewhat from the above studies. In this study, allozyme heterozygosity (enzyme phenotypes) inferred from the germinating seeds was used to find the relationship with the biomass production of that family, growing in different environments.
Hence, our experiment represents an aspect of norms of reaction (Gupta and Lewontin, 1982) , Av. Heterozygosty * Significant correlation (p 005) between average allozyme heterozygosity and biomass and genotype-environment interactions (Falconer, 1981; Via and Lande, 1985) . According to Levins (1968) , the same genotype could produce different phenotypes in response to some threshold factor in the environment. Similarly, Falconer (1952) has suggested that any phenotypic character measured in two different environments should be treated as two different characters, because both genetic and environmental sources of variation affect the phenotypic characters through different physiological mechanisms. This is supported by the fact that we found a significant relationship between allozyme heterozygosity and biomass in one environment, but not in the others. There are other alternative explanations, however. First, the low levels of correlation between allozyme heterozygosity and biomass could be due to high levels of variations in the estimates of heterozygosity rather than inherently low correlation with the variable (Archie, 1985) . Second, the loci assayed to estimate allozyme heterozygosity may not have any relationship with complex polygenic traits such as biomass, and the correlations could simply be attributed to chance factors. Recent investigations indicate that polygenic characters may be controlled by regulatory systems (Mukai and Cockerham, 1977; Macintyre, 1982) , while allozyme variation is largely controlled by structural genes (Ayala, 1976) . Consequently, it is difficult to suggest precise explanations for the observed variation in the relationship between the allozyme heterozygosity and biomass in various environments in this study.
The results nevertheless suggest that allozyme heterozygosity may have a limited value in screening jack pine families for biomass production.
